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Introduction
Nanotechnology is a principally attractive area of research related to producing nanoparticles with various sizes, shapes, chemical compositions, dispersity, and possible application for benefit of human beings [1] . One of the most important fields of research in nanotechnology is the synthesis of different nanoparticles such as silver, gold, iron, and etc [2, 3] .
Silver nanoparticles (AgNPs) are the most applicable and interesting nanoparticles for researchers. Physicochemical and biological environmental properties, including optical, magnetic, electronic, catalytic activity, and biological properties [4] , increasing the applications of nanoparticles in medicine, agriculture, and industries. Generally, nanoparticles are prepared by a variety of chemical and physical methods which are quite expensive and potentially hazardous to the environment, resulting in various biological risks. Biosynthetic routes can actually provide nanoparticles of a better defined size and morphology than some of the physicochemical methods [5] . In green synthesis of nanoparticles, three important rules of green chemistry should be considered: i) choosing an appropriate green solvents, ii) choosing an eco-friendly benign reducing agent, and iii) choosing a non-toxic stabilizer [6] . Some natural bioactive compounds which are extracted from enzymes, fungi, bacteria, vitamins, sugars, and plant are appropriate to reduce Ag + ion from (I) to (0) oxidation state. This is due to the abundances of hydroxyl, aldehyde, ketone, and amino groups that present in these natural resources [7, 8] . Various biological entities that may act as the reducing and capping agents in silver nanoparticles synthesis are summarized in the (Table   1) .
In this study, for the first time we successfully synthesized the AgNPs by using fructose as the reducing and capping agent. One of the advantages of this method is being able to use renewable materials like polysaccharides that are eco-friendly agents. These green-synthesized nanoparticles were evaluated by ultraviolet-visible spectroscopy (UV-Vis), transmission electron microscopy (TEM), powder x-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier transform infrared (FT-IR) spectroscopy. The formation of nanoparticles was observed within 20 min.
Pedalium murex leaf extract
[27] Crystalline Nanoparticles were characterized using UV-Vis absorption spectroscopy, FTIR, XRD, TEM.
Ziziphus Jujuba [28] Spherical Scanning electron microscopy micrograph showed formation of well-dispersed silver nanoparticles in the range of 10-40 nm.
Schizophyllum radiatum
Experimental
Matreials and methods
Fructose (C6H12O6) and silver nitrate (AgNO3, 99.80%) were purchased from Merck (Germany).
All the samples were used without any further treatment. All aqueous solutions were prepared using double-distilled water. The UV-Visible spectra were recorded over the 325-800 nm range with a UV Bio-TEK UV-Visible spectrophotometer. Deionized water was used for diluting the samples and then filled in a quartz cuvette with 1 cm path length. The crystalline structure of the silver nanoparticles was investigated by X-ray analysis (XRD, Inel, EQUINX 3000). Transmission electron microscopy was (TEM, Carl Zeiss, EM 10 C-100 kV) employed to evaluate the morphology and particle size of the AgNPs. Scanning electron microscopy (SEM, HITACHI S-4160) was used to investigate the shape, size and the surface area of the silver nanoparticles. FT-IR spectral analysis was conducted within a 4000-400 cm -1 range, with a Shimadzu spectrophotometer (Model 8400 S), using KBr pellets mixed with the dried and purified nanoparticles. The instrument was operated under the diffuse reflectance mode with a resolution of 4 cm -1 and the average scans of 50.
Green synthesis of silver nanoparticles
For the synthesis of AgNPs, a certain volume of the fructose solution (5 mL) was added to the AgNO3 solution (0.01 M) and the volume was adjusted to 45 ml with de-ionized water. Then two solutions were mixed drop by drop while and the mixture was stirring. Initial pH of solution was about 7.5 which changed to 5.6 at the end of reaction. In this method, AgNO3 was reduction by fructose solution as a reducing agent at room temperature.
Results and discussion
UV-Vis Spectroscopy
Producing and stabilizing of the reduced silver nanoparticles in the colloidal solution was monitored by using UV-Vis spectrophotometer analysis. UV-Vis spectroscopy is one of the most important techniques to identify the formation and stability of the silver nanoparticles in the aqueous solution [29] . Silver nanoparticles are known to exhibit at maximum in the range of 400 to 500 nm. The UV-Vis absorption spectra recorded for AgNPs solution and suspension in water are shown in Figure 1 . The maximum absorption at 436 nm can be attributed to the plasma resonance absorption of the silver nanoparticles.
XRD analysis
The x-ray diffraction analyses were carried out to determine the various phases of the silver nanoparticles. Figure 2 
FTIR analysis
Fourier transform infrared spectroscopy (FT-IR) measurements were carried out to identify the possible biomolecules responsible for functional groups involved in reduction, capping, and efficient stabilization of newly synthesized silver nanoparticles [31] . The FT-IR spectra of the fructose solution and green synthesized silver nanoparticles that measured in absorption mode are demonstrated in Figure 3 . The fructose solution spectrum consists of several bands at 3391, 1035.4, 2930.3, 776.79, 1642, and 1425.7 cm -1 . Table 2 illustrates possible vibration of functional groups in fructose powder. The strong peak at 3391 cm -1 corresponded to (−OH) stretching, which is due to phenolic compounds present in the fructose solution. The band at 2930.3 cm -1 was attributed to alkane C−H stretching vibration. The peak at 1035.4 cm -1 was corresponded to (C−O) stretching.
The peak at 1642 cm -1 corresponded to (C=C) stretching vibration of aromatic rings. Previous studies confirmed that the hydroxyl groups have a stronger ability to interact with nanoparticles and therefore the secondary metabolites containing hydroxyl group may act as capping agents for formation of the stable silver nanoparticles. 
TEM analysis
The silver nanoparticles synthesized by fructose were studied using transmission electron microscopy (TEM). The TEM image confirmed the formation of the silver nanoparticle at nano-size.
As can be seen in Figure 4 , most of the AgNPs are well dispersed and have an angular shape with an average particle size of 13.24±8.591. The method used in the present work allowed obtaining
AgNPs with smaller sizes in comparison with different studies using other biological compounds as reducer and stabilizer agents reported in literature. Having a control over the size and structure of the resultant nanoparticles can be related to the interactions between the bio-compounds (including polysaccharides, proteins, polyphenols, and phenolic) and metal atoms. 
Conclusion
Silver nanoparticles with an average particle size of 13.24±8.591 nm and angular shape were synthesized using the fructose at room temperature. Silver nanoparticles were characterized by UV-Vis, FT-IR, TEM, and XRD. The UV-Vis spectral studies confirmed the surface plasmon resonance of the green synthesized silver nanoparticles. The green synthesis method is a simple, eco-friendly, low cost, and capable of producing AgNPs at room temperature. This rapid synthesis technique can be a promising method for the preparation of other metal nanoparticles and can be valuable in environmental, bio-technological, pharmaceutical, and medical applications.
